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Abstract 
 
This project was conducted to produce a cement panel with the addition of treated and untreated coconut fiber in 
cement panel. Coconut fiber was added to replace coarse aggregate (sand) in this cement panel. In this project, the 
ratios used to design the mixture were 1:1:0, 1:0.97:0.03, 1:0.94:0.06, 1:0.91:0.09 (cement: sand: coconut fiber). The 
water cement ratio was constant at 0.55. The sizes of sample tested were, 160 mm x 40 mm x 40 mm for compression 
test, and 100 mm x 100 mm x 40 mm for density, moisture content and water absorption tests. After curing samples 
for 28 days, it was found that the addition of coconut fiber, further increase in compressive strength of cement panel 
with untreated coconut fiber. Moisture content of cement panel with treated coconut fiber increased with increasing 
content of coconut fiber whereas water absorption of cement panel with untreated coconut fiber increased with 
increasing content of coconut fiber. The density of cement panel decreased with the addition of untreated and treated 
coconut fiber.  
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1. Introduction 
In recent years, the cost of construction materials is increasing day by day because of high demand, 
scarcity of raw materials, and high price of energy. From the standpoint of energy saving and 
conservation of natural resources, the use of alternative constituents in construction materials is now a 
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global concern. For this, the extensive research and development works towards exploring new 
ingredients are required for producing sustainable and environment friendly construction materials [1].  
Natural organic fibers exist in reasonably large quantities in many countries of the world. Coconut 
fibers are widely available in Asia. They are the seed-hair fiber obtained from the outer shell of the 
coconut. In addition, coconut fiber has low thermal conductivity. Coconut fiber added cement board has 
low thermal conductivity and reduces heat transferred into building which decreases energy consumption 
of building facilities primarily air condition [2].  
The effect of chemical composition modification and surface modification of coconut fibers as 
reinforcement to the mechanical properties of cement composites has been reported by Asasutjarit and co-
workers [3]. The mechanical properties such as modulus of rupture and internal bond, increased as a 
result of chemical composition modification and surface modification. The boiled and washed fiber have 
improved mechanical properties [4], the optimum fiber length was 1 to 6 cm and the optimum 
(cement:fiber:water) mixture ratio by weight was 2:1:2. Alida and co workers [5] also have studied the 
physical and mechanical properties of composite cement reinforced coconut fiber and reported that 
composite reinforced with 9 wt. % of coconut fiber give the highest strength of modulus of rupture and 
compressive strength. Khedari and co-workers [6] studied on the development of a new type of soil–
cement block using coconut fiber. Various compositions were tested. It was observed that the use of 
coconut fiber as an admixture can reduce the block thermal conductivity and weight. The composition 
ratio of soil:cement:sand to produce good properties is 5.75:1.25:2. The compressive strength and thermal 
conductivity decreased when the quantity of fiber increased. From the previous studies, most of the works 
have been focused on the influence of fiber to the mechanical properties of cement composites.  
In this present research, study was aimed to investigate the potential use of coconut fiber in 
substituting the portion of sand in production of cement panel. The effects of pretreatment conditions and 
mixing ratios on the physical and mechanical properties are presented. 
2. Experimental 
2.1. Materials and samples preparation  
The sand was dried and sieved to obtain appropriate sizes (2.0 mm) and as for the  coconut fiber, it 
was treated by washing treatment. It was firstly immersed in water and then washed repeatedly in running 
tap water until the color of the water changes from darker to lighter color. Then the fiber was dried in 
solar radiation. The washing treatment was done for several times to make sure that all of the impurities 
in the fiber were removed. Treated and untreated fibers the were crushed using the crushing machine to 
obtain an average length of fiber (20 mm). Cement, coconut fiber (treated and untreated), water and sand 
were weighed according to the ratio tabulated in Table 1. 
Table 1: proportion of cement panels 
Sample Cement : Sand Water/ cement Coconut fiber (wt. %) 
0 1 : 1.00 0.55 0 
3 1 : 0.97 0.55 3 
6 1 : 0.94 0.55 6 
9 1 : 0.91 0.55 9 
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During the mixing process, cement was added to the mixture, which contains water, sand and coconut 
fibers. Water was added continuously until homogenous slurry formed and also to avoid balling effect to 
the mixture. The wet mix was then transferred to the mold. After the molding process finished, sample 
was kept in the mold for a period of 24 hours (1 days). The sample was then de-molded after 24 hours and 
ready for curing. All samples were cured in the curing tank for a period of 28 days. Samples were taken 
out of the curing tank after 28 days for testing purpose. 
2.2. Testing procedures  
Compression test
Compression test determines the behavior of materials when it is subjected to crushing load according 
with British Standard (BS) standard BS 5669 part 1. The machine used for compression testing was the 
Hydraulic Compression  
Tester VU-2000 – Jinan. The compression test was conducted at a cross-head speed of 5 mm/min. Sample 
dimension was 160 mm x 40 mm x 40 mm. The maximum load before crack was recorded.  
Density  
For this testing, the mold dimension of 100 mm x100 mm x 40 mm was used. The mass of the sample 
was first determined. Then, the volume of the sample was measured and calculated. According to the 
density formula, which is mass divided by volume, the result of the density test can be obtained.  
Moisture content 
The moisture content test, whereby straightly carried out after samples were taken out from the curing 
tank. The sample was first determined for initial weight. Then, it was inserted in the oven. The oven was 
preheated for about 15 minutes at the temperature of 103± degree Celsius. The sample was then left in the 
oven for a period of 24 hours. After 24 hours, the sample was then weighed again. The weight difference 
of the sample is the weight of moisture inside the sample. 
Water absorption  
The sample size for density test was 100mm x 100mm x 40mm according to the BS 5669: Part 1. The 
sample size for water absorption tests was 100mm x 100mm x 40mm according to the BS 5669: Part 1. 
Samples were immersed in water for 24 hours and the difference in weight before and after immersion 
were measured.  
Analysis Test  
For coconut fiber analysis, two tests were selected which are morphological and chemical composition 
analysis. Morphological analysis was carried out by using Scanning Electron Microscope (SEM) and 
chemical composition analysis was carried out by Energy Dispersion X-ray (EDX).  
3.  Results and Discussion 
3.1.  Compressive strength  
Sixteen (16) samples were prepared for the compression test. The samples were tested parallel to the 
plane of the cement panel board by applying increasing compressive load until failure or first crack occur. 
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Table 2: Compressive strength of the samples 
Coconut fiber Untreated coconut fiber (MPa) Treated coconut fiber (MPa) Reference sample (MPa) 
0 wt. &   41.2 
3 wt. % 33.7 39.9  
6 wt. % 38.0 29.9  
9 wt. % 43.8 24.5  
Table 2 shows that the panel with 9 % untreated coconut fiber has the highest compressive strength (43.8 
MPa). The lowest compressive strength is given by the cement panel with 9 % treated coconut fiber (24.5 
MPa). Generally, untreated coconut fiber gives higher compressive strength for the cement panel as 
compared with treated coconut fiber. However, cement panel with 3 % untreated coconut fiber gives low 
compressive strength (33.7 MPa). In this case, even though adding fiber contributes to increasing 
strength, the strength does not increase linearly with increasing fiber content. The congestion or clustering 
of fiber may lead to reduce bonding between coconut fiber and cement.  
3.2 Density  
Density testing was carried out on sample with the size of 100 mm x 100 mm x 40 mm according to 
procedure specified in BS 5669: Part 1. Density was determined after curing the specimen for a period of 
28 days. Twelve (12) samples were prepared for the density test. 
Table 3: Density of the samples 
Coconut fiber untreated coconut fiber (kg/m³) Treated coconut fiber (kg/m³) Reference sample (kg/m³) 
0 wt. &   2197 
3 wt. % 2055 2204  
6 wt. % 2025 2179  
9 wt. % 1955 2043  
 
Table 3 shows the density of the cement panel. Generally, it can be seen that densities of all samples 
decrease with decreasing content of treated and untreated coconut fiber [7]. Sample without coconut fiber 
gives the highest density (2197 kg/m3) whereas samples with 9 % untreated coconut fiber give the lowest 
density (1955 kg/m3). Density of the samples is mostly influenced by the mass of the panel. The low 
density given by coconut fiber as its characteristic influenced the density of the samples. Density differs 
with sample without fiber that contains 100 % of sand inside the panel, so the weight of the panel will be 
higher than the panel with coconut fiber. The density of the cement panel with untreated coconut fiber is 
lower than the treated coconut fiber addition. Less of impurities present in treated coconut fiber will 
improve packing behaviour and increase density of the samples. This result agrees well with compressive 
strength of the samples. The compressive strength decreased when the fiber content increased [3, 8, 9]. 
3.3 Moisture content  
Table 4 shows the moisture content for cement panel. The highest percentage of moisture content 
(12.3 %) is given by the sample with 9 % treated coconut fiber. The lowest percentage of moisture 
content (4.7 %) is given by the sample without coconut fiber. Generally, moisture content in the cement 
panels with untreated coconut fiber is not much different, and it is also lower than sample with treated 
coconut fiber. It is expected that washing coconut fiber could reduce impurities and improve packing of 
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coconut fiber in cement panel. Better packing will give higher density, reduce voids and increasing of 
moisture content. 
Table 4: Moisture content of the samples 
Coconut fiber untreated coconut fiber (%) Treated coconut fiber (%) Reference sample (%) 
0 wt. &   3.8 
3 wt. % 4.6 7.3  
6 wt. % 3.9 8  
9 wt. % 4.1 12.3  
3.4 Water Absorption  
Sixteen (16) samples were prepared and tested for water absorption after 28 days of curing. The water 
absorption is expressed as the percentage of the weight of water absorbed by the sample by the dry weight 
of the composite at saturated surface dry condition. 
Table 5: Water absorption of the samples 
Coconut fiber untreated coconut fiber (%) Treated coconut fiber (%) Reference sample (%) 
0 wt. &   0.9 
3 wt. % 1.2 1.3  
6 wt. % 1.4 1.3  
9 wt. % 2.3 1.8  
Table 5 shows the percentage of water absorption in the samples. Sample with 9 % untreated coconut 
fiber indicated the highest percentage of water absorption (2.3 %) whereas sample without coconut fiber 
showed the lowest percentage of water absorption (0.9 %). In general, increasing of coconut fiber content 
has increased water absorption [2, 7] and it was observed that the samples with untreated coconut fiber 
have lower water absorption as compared with treated coconut fiber. It is expected that untreated coconut 
fiber having more impurities and voids in the cement mixture. Therefore, the ability of the sample to 
absorb water is more compare to treated coconut fiber. 
3.5 Microstructure characterization of treated and untreated coconut fiber 
Figure 1 shows the morphology of the untreated coconut fiber. It can be observed that the fiber surface 
is covered with protrusions which indicated by oval shape and also some small voids and long crack. It 
has been reported that the surface of the untreated coconut fiber was covered with a layer of substances; 
these may include pectin, lignin and other impurities. The surface was not smooth, spread with nodes and 
irregular stripes [3]. Figure 2 indicates EDS analysis that performed at a micro region of the fiber surface 
indicating the presence of carbon, oxygen (organic impurities) chlorine and potassium elements in the 
fiber (inorganic impurities). 
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Figure 1: The morphology of untreated coconut fiber          Figure 2: The EDS spectrum for untreated coconut fiber 
 
Figure 3 shows the morphology of the treated coconut fiber. It can be observed that the fiber surface 
having a smooth surface and smaller in diameter compared to untreated fiber. The main reason for the 
treatment on the coconut fiber is to remove all impurities elements on the surface of the fiber. Figure 4 
indicates EDS analysis that performed at a micro region of the fiber surface indicating the presence of 
carbon and oxygen. It can be concluded that the impurities that contain chlorine and potassium elements 
have been removed during fiber washing. As reported before, washed coconut fiber contains a high lignin 
and holocellulose. Lignin acts as the cementing agent in fiber, binding the cellulose fibers together. 
Cellulose is the primary constituent of fiber [4]. Ratanakorn et al. reported that the bulk content of lignin 
and celluloses remained constant, while inorganic compounds can be removed by washing coconut fiber 
[10]. For both EDS spectrums it can be seen that carbon and oxygen still present in coconut fiber. Washed 
coconut fiber is stiffer and tougher, and therefore improves the density of cement panel. 
 
           
Figure 3: The morphology of treated coconut fiber        Figure 4 The EDS spectrum for treated coconut fiber 
4.  Conclusion  
From the research that has been carried out, we can conclude that untreated and treated coconut fiber 
can be used to substitute sand in the development of cement panel. Increasing content of untreated 
coconut fiber has increased compressive strength and water absorption of cement panel but density 
decreased. However, increasing content of treated coconut fiber reduced compressive strength and density 
while moisture content and water absorption of cement panel increased. Organic and inorganic impurities 
have significant role in controlling the density, moisture content, water absorption and compressive 
strength of the cement panels.  
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